Essential oils have traditionally been used for decades to alleviate the symptoms of various mental problems. In terms of anxiolytic-like properties, lavender oil is probably the most commonly used and best-studied essential oil. Although there is compositional variance among the oils extracted from different origins, there have been few studies performed to date to investigate how these differences affect the expression of anxiolytic-like activity. This paper discusses the interspecies differences and contributions of the main constituents in the expression of anxiolytic-like effects upon inhalation, as assessed in mice by the elevated-plus maze test, by comparing the essential oils from six different species of Lavandula. The results showed qualitative and quantitative variations in the tested oils, which results in significant differences in their anxiolytic-like activities. Our findings also suggest that linalyl acetate (LA) works synergistically with linalool (LO) and that the presence of both LA and LO is essential for the whole oil to work as an inhaled anti-anxiety agent.
In our increasingly complex and stressful society, anxiety disorders (ADs) are becoming much more prevalent. According to Kessler et al. , the 12-month prevalence for ADs is 18.1%, making it the most common class of mental illness [1] . Another significant finding in their research is the fact that the prevalence of moderate to severe ADs, as compared with other classes of mental disorders, is rather low. This suggests that a large numbers of patients often experience mild symptoms, for which professional intervention is not necessarily required. This may explain the attraction of complementary and alternative medicine (CAM) in this area.
Although pharmacotherapy has been the mainstream intervention for the treatment of ADs for decades [2, 3] and is reported to be effective in many cases, there are numerous factors that may reduce patient adherence to the therapy. Of particular concern are the higher risks of experiencing sedative adverse effects [4] and physical dependence with the abuse liability of benzodiazepines [5] [6] [7] .
It was under these circumstances that the enthusiasm for CAM in the treatment of ADs increased markedly. Various plant-derived essential oils (EOs) have traditionally been used in aromatherapy to treat ADs, and their anxiolytic properties published to date have been summarized by Setzer [8] . With respect to the EOs from lavenders, numerous researchers have evaluated their anxiolytic effects both in animals [9] [10] [11] and in humans [12] [13] [14] [15] , including a number of randomized controlled trials [16, 17] .
As is generally known, there is a wide variety of "lavender oils" from different origins. According to the most current classification by Upson et al., the genus Lavandula is classified into three subgenera with eight sections, across which a total of 39 species are distributed [18, 19] . Among these, four taxa are regarded as important in the commercial production of EOs. These are Lavandula angustifolia (also known as English lavender, formerly L. vera or L. officinalis), L. latifolia (also known as spike lavender), Lavandula x intermedia, which is a hybrid of the two named species, and L. stoechas (also known as French lavender). Surprisingly, the species used to evaluate the anxiolytic-like effects in the various studies published to date was almost exclusively L. angustifolia. The phytochemical evaluation of these EOs performed by numerous researchers, however, showed qualitative and quantitative differences in chemical constituents, which were summarized by Boelens [20] . This raised the question of whether differences in chemical composition can affect the expression of anxiolytic-like effects when essential oils are inhaled. We therefore set out in this study to investigate the chemical composition of EOs from various species of Lavandula and to determine whether differences in phytochemical composition have an influence on the anxiolytic-like effects. In addition, we hoped to determine whether the anxiolytic-like effects of EOs can be ascribed to a particular chemical component.
The chemical analysis of the six lavender oils is shown in action. Figure 2 shows the total distance in meters that the animals traveled in a 10-min test period. In this observation, none of the sample oils, including the authentic standards of LO and LA, showed any differences when compared with controls. This suggests that the lavender EOs exhibit anti-anxiety effects without affecting locomotor properties, which reportedly confounds the interpretation of findings obtained in EPM tests [21] .
In addition, LO, when administered at a concentration of 4 μL/L air, showed anxiolytic-like effects expressed as a statistically significant increase in the time and the percentage time spent on open arms, respectively. This observation supports the notion that LO has significant anti-anxiety properties and may represent a major active constituent in lavender oils. Presuming that LO reflects anxiolytic-like activity of the whole oil, enhancement of this activity would be expected as a function of the LO content in EOs from different species.
The present results, however, did not show such a relationship. Figure 3 shows the contents of LO and LA included in each sample oils administered in EPM tests. When full bioavailability is assumed, the amount of LO that enters into circulating system from the sample oils of L. latifolia would be much less when compared with the authentic standard (6.8mg vs. 16.5mg), but the anxiolyticlike effect of the sample oil seen in EPM test is comparable to that of the authentic standard. This suggests that there are other components working together to produce an overall effect. In fact, the present study suggests that LA, which did not show anxiolytic-like activity when given independently, works synergistically in expressing the anxiolytic-like effect displayed by LO. Table 3 shows the contents of the two main constituents of lavender oils, and their correlation with the anxiolytic effects measured by EPM test. There is a positive correlation between the LO contents, together with LA, and the anxiolytic-like effects. The correlation obtained here was statistically significant (r = +0.82, P < 0.05). The assumption that the presence of LA is indispensable for whole EOs containing LO to exhibit anxiolytic-like effects can be most clearly confirmed by comparing the EPM results for the EOs from L. latifolia spica and L. latifolia. Although both oils contained LO at similar levels, as presented in Figure 3 , the anxiolytic-like activity was much greater when the oil from the latter containing LA was given, whereas no activity was observed by the former oil that included no LA.
The synergistic effects of LA can be explained at least partly by the fact that the LA, an ester, is hydrolyzed by esterase to its corresponding alcohol, LO, in the limbic system of the brain. The relevance of this conversion is well supported by inhalation studies performed by Jirovetz [23] and Buchbauer et al. [24, 25] .
According to a systematic review on the anxiolytic-like effects of different EOs, the samples were administered, in most of the studies, either via the oral route or by intraperitoneal injection [26] . With regard to lavender oil and its anxiolytic-like effects upon inhalation, there have been few studies published over the last decade [11, 14] . However, as inhalation is the least invasive and most common route of administration of EOs in humans, further detailed investigation of anxiolytic-like activity with pharmacodynamic evaluation of each constituent when inhaled is essential.
This present study showed considerable qualitative and quantitative variations in the chemical constituents of lavender EOs from different origins, and these variations significantly influenced the anxiolytic-like effects, as assessed by the EPM test in mice. This study specifically suggests the possibility that LA works synergistically with LO and that the presence of LA, as well as LO, is essential for the whole oil to exert activity as an anti-anxiety agent.
Experimental

Samples (Lavender essential oils):
A total of six different lavender EOs from the four main species described above were analyzed. General descriptions for all samples are shown in Table 1 .
Gas chromatography analysis:
A Clarus 500 (PerkinElmer Inc., Waltham, MA, USA) and a GC-2010 Plus (Shimazu, Kyoto, Japan) were used for gas chromatography-mass spectrometry (GC-MS) analysis and GC-flame ionization detection (GC-FID) analysis, respectively. Both analyses were carried out using EQUITY-1 (30 m × 0.25 mm i.d.; Supelco Inc., Bellefonte, PA, USA), a nonpolar capillary column. One μL of each essential oil or authentic standard diluted with n-hexane (Wako Pure Chemical Industries, Ltd., Tokyo, Japan) was injected into the gas chromatograph in split mode (split ratio, 1:30), operated under EI mode (70 eV). Each MS was recorded from m/z 40-300 in full scan mode. Helium was used as the carrier gas at a flow rate of 1.33 mL/min. For identification, GC was interfaced with the temperatures of the injector base and ionization source, maintained at 250°C and 230°C, respectively. The temperature of the column was initially maintained at 35°C for 5 min, and was then raised at a rate of 3°C/min to 215°C, where it was maintained for 5 min.
Identification and quantification:
The RIs of the components from each essential oil on the EQUITY-1 column were determined in relation to a homologous series of n-alkanes containing nine n-hydrocarbons (C8-C16) (Tokyo Chemical Industry Co., Ltd., Tokyo, Japan). The equation proposed by Kováts was used to calculate each RI [27] . Individual peaks were identified by comparison of their retention time and RI with either those of authentic standards or those from the literature. Authentic standards utilized for identification were: -pinene, camphene, camphor, -pinene, bisabolene, bornyl acetate, carvone, myrcene, limonene, α-terpinene, terpinene-4-ol, terpinene, -terpineol, borneol, linalyl acetate, linalool, neryl acetate and nerol (Tokyo Chemical Industry Co., Ltd.), and -caryophyllene and 1,8-cineol (Wako Pure Chemical Industries, Ltd., Tokyo, Japan).
Animals:
Male ICR mice (Clea Japan, Tokyo, Japan), aged 5 weeks, and weighing between 30 and 45 g at the onset of each experiment were used. Animals were maintained individually under standard laboratory conditions (12 h light/dark cycle; room temperature, 24 ± 2°C) with free access to tap water and laboratory chow, and acclimatized to laboratory conditions for 7 days prior to the start of experiments. Each experimental group consisted of 7 animals. All experiments were carried out according to the guidelines for the care of experimental animals, and were approved by the Animal Research Committee of Toho University, Japan.
Inhalation of essential oils:
Prior to the start of the behavioral examination by the EPM test, each animal was transferred from its home cage to a 5 L glass container (L100 × W250 × H250 mm) under 200 lx, and was acclimatized for 30 mins. A piece of filter paper (GE Healthcare Japan, Tokyo, Japan) soaked in the sample essential oil was then set on the upper side of the glass container. Mice were exposed to the oil at a concentration of 4 μL/L air. Doses and duration of exposure used in the experimental procedures were selected based on recently published data [28] .
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Elevated-plus maze (EPM) test:
The EPM test was performed as described previously, with minor modifications [29] . Briefly, the plus maze consists of 2 open arms (30 × 5 cm) and 2 closed arms (30 × 5 cm) with a wall (30 cm in height) connected by a central platform (5 × 5 cm) to form a cross. The session was started by placing a mouse in the central platform of the plus maze facing a closed arm, which the animal usually enters first. The animal is allowed to freely explore the maze for 10 min. Its exploratory behavior was continuously videotaped using an attached camera placed over the apparatus. Time spent on the open arms (s), percentage time spent on the open arms (%), and total distance traveled (m) were quantified using ANY-maze (Stoelting Co., Wood Dale, IL, USA).
Statistical analysis:
Data are expressed as means ± standard error of the mean (S.E.). Overall differences in the means of all results were examined by one-way ANOVA with Dunnett's multiple comparison post-hoc tests using JMP software (SAS Institute Japan Ltd., Tokyo, Japan). A confidence limit of p < 0.05 was considered to indicate statistical significance.
